A general strategy based on the use of a plastic film that allows reverse transcription and nested-PCR in a single closed-tube has been developed. The reaction mixture for the second PCR amplification is quarantined in the cap of the reaction tube during the first round amplification by a piece of plastic film, and later introduced into the PCR amplicons from the first round reaction by centrifugation without opening the reaction tube. The main advantages of our method are its high sensitivity, specificity, simplicity, cost effectiveness, low risk of contamination and the ease in establishment of conditions for nested-PCR. The method has been successfully applied to the detection of the genomic RNA from SARS-CoV, the detection limit of this method is comparable to that of the conventional two-tube nested PCR system. This method could be easily adapted to the detection of other targets.
Introduction
Nested PCR has the high sensitivity that can detect very low numbers of target in clinical samples, contaminated ground, water and foods (Dupin et al. 2002 , Garson et al. 1990 , Tanji et al. 2002 . Conventional nested PCR procedures utilize two sequential amplification processes, which include a first round reaction for amplifying an extended target sequence with outer primers, and a second round reaction for amplifying an internal sequence from the product of the first round reaction with inner primers, wherein the internal sequence may or may not overlap one of the ends of the extended sequence (Pignon et al. 1990 , Porter-Jordan et al. 1990 .
The enhanced sensitivity of nested PCR is achieved by carefully controlling the reaction conditions for the first and second amplification processes to favor the generation of the desired product. In addition to the usual considerations, most nested PCR procedures require a several fold excess of inner over outer primers in the second amplification process for satisfactory results. Conventional nested PCR procedures generally accomplish this by amplifying only a small aliquot of the completed first amplification mixture after being transferred to a new reaction tube for the second amplification process. Unfortunately, the high sensitivity provided by conventional nested PCR procedures is achieved at the price of potential false positives as the reaction tubes containing high concentrations of the first amplicons have to be opened and manipulated to set up the second amplification, thereby introducing the chance of contamination, and this is a significant cause of false-positive results and diminishing the reliability of the results. Implementing of both amplification reactions in the nested-PCR in a 'single-tube' nested-PCR to reduce the risk of contamination has been reported (Llop et al. 2000 , Mathis et al. 1997 , Olmos et al. 1997 , Wolff et al. 1995 , Abath et al. 2002 . One approach is to use differential annealing temperatures to sequentially select amplification primed first by outer (high melting temperature primer pairs), followed by inner (low melting temperature) primer pairs. Another approach is to allow the physical separation of the primers and additional reagents required for the second reaction from those of the first reaction in one tube initially and then allow them to be mixed when required without opening the tube. For example, nested reaction reagents have been suspended in a modified pipette tips before being placed in the reaction tube, or dried in a trehalose matrix. Additionally, the immobilized inner primers have also been employed to achieve the single-tube nested PCR. However, these procedures have their disadvantages. Annealing temperature-differentiated nested reactions may produce nonspecific amplification products from the activity of the outer primers during the nested amplification cycles. Physical devices used to separate the nested reaction reagents can be awkward and complicated to use, and although overcoming contamination of the second nested reaction, increase the risk of contamination from other sources while preparing and dispensing the reactions. We have developed a much simpler and cost effective method based on the use of a piece of plastic film that allows reverse transcription and nested-PCR in a single closed-tube and the procedure is shown in Figure 1 .
Materials and methods
A nested PCR protocol for early detection of the Sudden Acute Respiratory Syndrome virus (SARS-CoV) established in our laboratory (unpublished work) was modified to test the one-tube nested PCR strategy reported here. SARS-CoV genomic RNA with 10 6 , 10 7 and 10 8 times dilutions (provided by CDC, P.R. China) were used as the template for sensitivity testing. The plastic film used was a commercially available polyethylene clean wrap (Polywell Packaging Co., Ltd., Ningbo, P.R. China). Each template was repeated three times with a blank control.
Protocol for the conventional nested PCR
The one-step RT-PCR kit (TaKaRa, Dalian, P.R. China) was used for the first round reaction and the conditions were as follows: the total volume for each reaction was 10 µl including 3 µl sample from either SARS-CoV genomic RNA or DEPC-treated deionized water as blank control, 1× One Step RNA PCR Buffer, 5 mM MgCl 2 , 0.8 U µl −1 RNase inhibitor, 0.1 U µl −1 AMV RTase XL, 0.1 U µl −1 AMV-optimized Taq, 0.5 µmol l −1 outer primers 11 (as shown in Table 1 ), and 1 mM of each dNTP. The reactions were performed on a PTC-225 thermal cycler (MJ Research Inc., Miami, FL). The thermal conditions were as follows: one cycle at 50 • C for 30 min; one cycle at 94 • C for 3 min, 30 cycles at 94 • C for 30 s, 55 • C for 30 s and 72 • C for 1 min; one cycle at 72 • C for 10 min. 2 × Master mixture (TW-times, Beijing, P.R. China) was used for the second round reaction and the conditions was as follows: the total volume for each reaction was 50 µl including 10 µl RT-PCR product from the first round as template, 1× Master mixture, 0.4 mM dUTP (Sangon, Shanghai, P.R. China), 0.01 U µl −1 Uracil-DNA glycosylase (Invitrogen, Carlsbad, CA), 20 ng ml −1 RNase A (Sigma), 0.2 µM l −1 inner primers 11, and 1 mM l −1 MgCl 2 . The thermal conditions were as follows: one cycle at 37 • C for 10 min; one cycle at 68 • C for 10 min; one cycle at 94 • C for 10 min; 32 cycles at 94 • C for 30 s, 60 • C for 30 s and 72 • C for 1 min; one cycle at 72 • C for 10 min.
Protocol of one-tube nested PCR with plastic film
The PCR system for the two round reactions and the thermal cycling were the same as the conventional nested PCR except the first round system was covered with 20 µl mineral oil and without heated lid, and the second round system but template was sequestered in the cap of the reaction tube by plastic film before the first round reaction. After the first round reaction was complete, the reaction tube was centrifuged at 5000 g for 2 min, the plastic film was broken due to the centrifugal force applied, and the second round mixture was then spun into the amplicons from the first round and become mixed. Then the reaction tube was put back to the thermal cycler to conduct the second round reaction.
Gel electrophoresis
The PCR products were loaded onto 1.2% agarose gel along with 5 µl DL2000 DNA molecular marker (TaKaRa, Dalian, P.R. China). The gel was run at 8 V cm −1 for 30 min and then photographed using a UVP system (Ultraviolet Products, Cambridge, UK).
Results and discussions
As indicated in Figure 2 . the amplification products (858 bp) obtained by single-tube nested PCR with plastic film were detected with up to 10 7 times diluted genomic RNA, comparable to that of conventional nested PCR. The high sensitivity of our one tube strategy may due to the total isolation enabled, even the vapor exchange of the two reaction system during the first round reaction as compared to other one tube nested PCR strategy (data not shown). No false positives were noticed as no PCR products were detected in blank control (BC). In comparison with the conventional nested PCR, our one-tube strategy has the same degree of reproducibility when 10 6 times was used, and a little poorer reproducibility for the 10 7 times diluted template. This may be due to the use of costumed punched plastic film.
The main advantages of this method are its high sensitivity yet no risk of contamination and the omitting of the use of external primers with lower annealing temperature and internal primers with higher ones contrasting to the previously reported protocols. Additionally, considerable time can be saved as there is no need in establishing the optimal ratio among primers because in our method external primers do not interfere with the second amplification. Furthermore, this strategy should be easily adapted for the detection of other clinical or non-clinical targets of interested. To summarize, the performance of nested RT-PCR in a single closed tube by a simple, cheap and reliable approach was allowed by our one-tube nested PCR strategy.
